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^M3-fi- Jisfl^- 4fl*l {Fiber Bragg grating sensor system} 



-Ml 



.• 13.1 



C3> ti-Efl^l 3*} >SH ^ ^©.S-Ai, 4^- 7}^ i*M^ 

c4> ^-fr W-Sfln 3*Kfiber Bragg grating)^ ^-fr S^Xcore)^) t^t^-S ^7l^Sl 
igSHt ^-3£^r ^^1^. o] ^-ft- z$x}^ ;u 2fl:2. S^-t- ^* r fe ^HKBragg 
wavelength) f^jAS §^ ^(*# 0.1~lnm)^ ^Hr^fl £|JL ^ 

4^l7lfe 7}^lt}. o] y Bfl^ 4^ M.HflZL 3*}<q £-J£7> ^^7^- -§-^ 
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(stress)ol «?l7>s)^ nofl ^ ^sj-^Tfl £tf. tc|-r!H °1 ^r£, €^1" 

(strain), <^ ^HJ^Hb ^-ff <MS°1 7^5) <H 

&d\) #7} ^<£z\}o]xq =L7) 7 } ^ 7}tf$*] ^ tfl# ^ 

^z^o] -§-ol^rf. se ^ ^ ^» ^ofl ^6fl ^ 

^*Kf ^^(multiplexing)?} -^^rf^ ^l 1 }. ^, z} ^-fr Z^Hf- ^> ^ 

7W£S ^7^]^H ^r^l *1S s^cM *}*r ^ ^-^ tf^s}- 

(wavelength division multiplexing) »fl"£|* ^7fl ^-g-^r ^ o] ^-g-^flA| ^ mm 

^ km ^^^1 ^^51 3Mi<*l] ^- >M# ^^Al^ o.s^ ^^rS^Ui (quasi-distributed 
sensor)^ 7]^* ^ $X^r. 

^s.ol ^(broadband source)^ ^ 7}«| €^ (wavelength tunable filter)* 

-g-^H ^*rfe ^M&^tA. D. Kersey, T. A. Berkoff, and W. W. Morey, "Multiplexed 
fiber Bragg grating strain-sensor system with a fiber Fabry-Perot wavelength filter", 
Optics Letters, Vol. 18, pp. 1370-1372, 1993]. °] ^S:, i£*| , Sl7> ^^1^ 4 

^HS" 7>£ ^ #7ll« 7>7l^L &^a- 3*} #*HLM 

(peak)7> M-Efu}-^ nfl^ ^ ^3.0.3.*) ^-B- ^7>#^ 4^ ^3*r$m. 
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<7> wj-^^a- MAS 4^- 7 r 1 £ ^>-B-^>^^[s. H. Yuri, D. J. Richardson, 

and B. Y. Kim, "Interrogation of fiber grating sensor arrays with a wavelength-swept 
fiber laser", Optics Letters, Vol. 23, pp. 843-845, 1998]. °1 ^-fr, ^ , *W 7}i& 

Alilaf iSflol^ spS^ S.^ j].^^ ol-g-^^, ^-fr 2$Z\ #X[X±3L2\ *\=L7} 

O.S. S*jI, Stb ^^(hysteresis)^ ^ £r5=ofl ^ s\- 

^s^H ^a^ ^5E<4 aV^ofl ^o^]^ ^l^o] ^cf-. 5Etb n ^ 7>*1 

c9> t4^>) jzl^H, jitiV^^ tLHflzz. s)-^- ^flA}^ <r 

7l§(wavelength reference) ^ ^ ^<>1 , 7^353 

L0> £ la ifl^l S. lcfe WSflZL 3*} ^ A]^^ ^Aj*- ^-^>7l Jfl^ ^2fl 7} 

^^^>7l ^ ^£olcf. je i a ^ Kringlebotn *floHrH ^ ^ ^-(WSl 
JL : 6 ,097, 487 Jl)^ 7]<£o}^ , 5. lb^ Bao afl'&SM ^ ^K^^S = 

6,327,036^)^ 7)^o)^ L> 5. lc^ Bao ^ **| ^(^^2- : 

6,449,047^)€ 7l^o]rf. 
L1> £ la» #2^f ^ , *W 6,097,487^] 7^]^. 7l^l*r, W-fr string) 

7} f^AS a>-§-s)ji, 3Hxi ^71 <££j 7>€ ^» a}-§-^ ellol^^ 4^ ^ 
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Al^lrq-. ol-gj. nfl^ 4.3- -g-^ (wavelength division multiplexer)* ^f-*fl 3H*1 

r^o]^>. = s. ^€^r. ^H#sll 0 l^ (optical isolator)^ 3H*)* ^ ^tfl ^1 

3fl ^J2.S^V ^^?l7l ^*flA-l A>-g-^4. 4^-0] ifiSj-^fc Bflo]^ 

(coupler)* tt, ^12 Tjl-eH 3*H*1 ^ Q^S. ^^^lrf. *fl 2 Tlt- 

sHl^i ^ f^H ^^-2-5. ^-fr 3*HM ^ *f|l ^#71 

3. ^^^laL, E^-^^S. ^"€r 4 ^-^^-(Fabry-Perot ) ^4 cfl^ ^s^b) (optical 

bandpass filter)* 7}*H ^ 2 ^#7la ^^€^f. *l|2 7*1*34 ft ^7} a}o]6\}^ ^3 

L3 > 44 £0], o] 7l#o)l^^ $]o]*\ 4#* ^^>7] 4tb 4^ 7l§ >M* 4*il 

Ai ^4 %$ft 2>Ar* A}-§-^4. ^E|fe ^4^ ^ 

n> ^A^HiS. Ol ^5^-^ sj-^- 7l^JlS AV-g-tb^T. ^T, 4]JL* 

4# 7m ^3 4#, a eflol^ 4:3-01 oj- ^ ojrf. 7 }& 

ft 3*Hr ^Cfl 4#* ^]^}7l 4*IH A>-g-^Cf. &4 Ajjr^. ol-g-«(]Ai 

^-tfl^oj 4#* ^ ^XRV, ^tfl^O] Sf^J-* ^ &t}. 4^ 

7l^ ^J-fr ^ AH1 A i ^351 4*1* ^f>}51, °1* ^cfl 7l§ 4^^ #°r ^ 0 l7i 

OJ Al^Vofl n^S. ^tfl 4^-* 7^1 ^>W. ^-^>^, 7l§ %^ft ^\^\ €^^1 4 

3 41JL* Ol-g--gflA-l eilolAi 4^ ^A>^)-al, O] ol-g-tflA-1 ^ o. ^ # 

4^ ^olcl-. 
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14> ZL^Cfl, « 0 >^51 7]^ 344 4#°1 ^ 4*114 

§ <§h§o] i*>s. 444t11 €4fe 3°14. 44*i 4§ ^-fr 347} 4^*3 €sH 

15> £ lb» #2:^, 4^S" 6,327,036^1 7fl4^ 7l#<^, 4^ *$^f>}7) 4 

*H £ Ia4 3"f4 ^>€-7>^lS 71^ ^g-fr 344 4«-4-*ll* €4* 4~§-^4. ZL5]l4 ol 

^lH4^r 4$ ^Me!-B- 444 4^-511^- ^44 ^ 414 11*1444 , ^. 

^ 4^ 4 4-?-44 &ofl^r ^ o_s rfs 3^3. 4#«4 ^siTll *r 

^7>3. *H4^}£4. ol^Tfl € ^ 4#* ^ 4# 71^5. 4-§-tb4. 4 ^-ir 
4-§-*114 ^ ^ »U ^-fi4 4^ ^41- ^^^1-711 ^J^r ^ sa&4. ^44 4 ^ 

4§ 4# ^^a- 4*114 ^44 ^ ^2 ^4 €-S-tb 7>^I4. att, 
42 ^€<>fl4 U-g- *i)ii4-^ €44 71 § ^-fr 44* ^f-44^1 ^, 4# 

4-§-4 : b 4# ^44 (scanner H ^444 7^ 4#* *IU 
4 ^ 4# ^44^1 ^444 4#^r ^§*Rr 4^ *&4# 4-§-t!:4. 444 4 

4£--& «J-4# 4-§-tr 4# 4^4 ^^o.^. ^ ^ix^ 4# ^S. 

*llfJ:4 lH34Tr #^4 &4. 
16> £ 1 C » ^-S^, 4^" ^4 6,449,047^1 7fl4^ 4#<^, 4$ 4^# ^*>7l -¥1 

*H s ib4 4^7}43- t\& 344 4«-4-*ll* ^4* ^>-§-^>ai, 4§ 44 

4 4^ €44 ^ ^-4 4^-4 ^^1^171^ HTO-fr ^tb4. ^.^4 

W>€- 4^°1 ^^"4^ ^1^7-11- , sj-^-i; ^5)-Al7l7l 4*fl^1 ^QSLsL ^ 

4 4^°l s^4^ 4^ v 7m €4» ^V-g-^4. ^1^4 #^4 m 4^4* 44 ^ 

«-4-^l^- ^44 4^ ^-B- 34» ^f-4^H ^#7H1 <y4£4-. ^ 
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€ tilja*H ^-n- 3*r#^l «u> 4^ Als: °1 °l-§- 

Wt, 4#4 4#^ *M* 

17> £ la tfl*l 5. lc^l ^sfl 7l^lr-ar A^>^, 7l§ 4#-§: n 7l§ 41 

is> 3L^, ^"S-fr «-efl^. 3*}, sfljael-^^. ^e^, ^#7l ^§-<*IHfe ^ ^-*fl 

# £]€^£r €- ^^l^lcf. ^7>^ ^sjr «g 

a>£|^ £<q tcJ-B}- wM} s^o] ^tb^-. ^-n- 3*N xfljf 4^^o] 

71 -g-^ (transverse stress), ^-$3-fH9 ^(bending) 5^. 43*fl ^ 

-ft X\^o\]X]^ ^ ^-frl- ol-g-sflA^ ^ km o]^- ^Sflo> sy^efl ^ ^ ^ 

SH ttj-e}- Tg*) ^Bfl7> ^MHfl^-S-S. *r&H ^<*fl 4^ ^> 4#°1 €3-3 

CH ^ofl ^> 7 > ^7l7fl °lt «fl^*>7l ^«fl^ ^-H- 3*>7> ^ 

*fl7l repackaging)^- *}7]^, ^ -frx] 3H3-fr ^ -B-^«rfe 
7>^>^^r, 7>^ol til^ tils^^ol^. ol ^-^11: Sfl^^l ^ 
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L9> E. ldfe Yamate v)^ M-^ ^(^.s.^^ : 6,363, 180 J: ) ^3: 
fl*"* ^*»H ^*Kr ^^*>7l 

£E ld« ^2^, *R 43-*] 6,363,180^^1 7^]^ 7l#£r, ^^Kr 

3^(^*1 "cW^l -§-^1 "?17>S1^ -fr^^L, ^ 4^ ¥ 7fl^ ^>A> 5TjH7> 

q-m+tK ^ ^ ul-fr *B^Kr ¥ 7fl^ ^ 5£|3^ 3*9"^ ^ 

3 =L7H wi^itvrf. zzfUl], o]eitb ^HHH^ ^7> ^5^14 Sfe #4lJM- 

*r €>*H ^"€^1 ^^71^ S^7l» A>-g-*M ^«>7lt+, ti>A>5) 

<*j 3g^Al^6> *\]7] M-EJ-^S ^ Jl^S. ^«flo> ^ ^ofl 

7>^o) r^a^l-M* ol-§--gfl°> #7} ^3} #3°! 

22> tcj-&H, ^*fl #-g-3^7> 7>^tt ^-a-fr ^flA^ Al^^-t- ^3j-^|-7l ^^H^ ^ 
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^ 4^ ^ $ 7fl# ^ ^ <5>qs|-, n <=>l-§-*iH ^-€3 4^ W^-^-S. *iM 

24> ^ o] o)^5L7)- *}i=. rf= 7 ]^^ 32]-^ ^, ^§ ^ofi ojo^ ^€ ^ $Hr 3i 



4# 7>^ ^Ej» SL^H, 7}^ aHh^ ^ f^sm ^ 7>^ ^H^; #7l 7>^ 
3fl°l*j3.^B] #^ <$m^°} ^ ^<L3- ^71^171^ *)U 7^5^; #7l *)U Tll-aM 
£]*H -&7m # f^H ^^J&S. #^ %Sr ^n^o} ^7} 7 >^ S|H*HAi 

^o} 3}-^ ^*>7l 7]^ S^*^" #71 71^ 4#«" <H 
^ ^tfl 7l§ 5^J=LS S^Kr 71$ #71 »U 7i#S]^.^ 

^ ^-fr 4# ^1^; #71 71^ S}-# ^JjLjg.*.^ 7l§ 4##^1 # 

71 S)-# 3*1 ^S^E) ^-C] Zjf^ Z^cq AlTl;^ <^^>, #71 4# ^ol 
^oflA-l AlTVtflit 4#^. Sj-q-^Jl #71 ^-R- 3*} SPS- ^1^-S^-Bl 

3g- ^51^-4; #71 7>^ sllol^sl 4#o] ^71^ ^ 
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3%S\5m ^"71 4# ^^H ZL^- °l7m5L, S^-^S-M #7l 4# 4 

sS-ol <^^*>7fl W>4Sl£S. ^. 7 ] sj.^. 7 >i£ ^B]6fl 2^ ^o^g- <?l7l-^ 3H4 4# 4 
^^«-7V ^44*r ^ *b4. 



26> ol-S)-, S^IW: ^S^M ^4 4^tb -S^H** ^tg^-rf. 

27> £ 2*r ^4 |Alc|tf( tq-^. ^-B- W.?flZL ^7.> ^ o. ^-g^l 4 tb ^ 

£ 3a ^ ^ 2^1 4^ ^-B- «-Sfl^i ^7]- ^ Al^Ufl^A-] 7>^ Sfl^lTH- 

71 ^JE^H, 5. 3bfe £ 2<H1 4€- ^-fj- WEflZL ^7> ^4 Al^dflX] 7l§ 4# A S 

-g^-Sl-71 4tb T^EolaL. s. 3c^r 5. 2*fl ^-n- €4 4^*114 

z\]o}x\ 4# 4^-^* ^^^-71 4tb ^£^1^. 

28> £ 2« ^3^, £r ^4 -M^HH 4^- ^-fr ^l^^^r, 4# 7> 

^ 3H4(100)4, ^ ^-^(300)4, ^-n- «-Hflzi ^7> <H3H(400)4, ^4 

4# 44-^(500)4, 4ls 43^(600)4, sll 0 l^ 4# *H4 4^ W W700)4, 4# 7^ 31 

oi7-Kioo)sJfi=i #34 °^^-4 7l§ 4# ^^^-(300)^4 ^-fr «2fl^ 44 

43H (400)^<LJL £-7144^ *fll ^#^(210)4, 4 #3 (210)^1 4 ^1 ^J-fi- 

uefliL o] z\] 01(400)^11 §}i ^-fr ti sfla ^x} 43H(400H4 tiU><g[ ^} 

^-fj- ^4 4# 44^(500)^ 4^45.-^ *fl2 4#BU220)» S^-*) ol^o^r}-. 

29> £ 24 £ 3a* ^-S^, 4# 7>^ B)H4(l00)^r "Hi ^44 4 

tb ^l^lTl 4ol^^(H0)4, 5llol4 4°1^-^(H0)S.^-Bl ^ ol^. nfl^ofl 0jAVAl7l7l 
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44 *"* 4*71(120)4. ill 4-8-4 *r 4*$7r #^-fr(130)4, ^4 44^- 

^7)^o_S. i^fi^H **IM4 44-ir 7>^4 7>^ ^4(140)* 3^44 4^444. 
30> S > 0] = pfl^Jg. A}-g-^ 4#^7> 4^(130)^7 44 4*71(120)* *«fl 

°14 4°1 -2-^.(110)5. 4^44. 5. 3a*fl4fe- £41}= (forward pumping) 4 4^. £44, 

(backward pumping)^ 7Br44. 3M44 44£ 44 7>^ ^4(140)4 ¥4 4 
^-ofl 4^ ^^^rf. ^aHH*^ 44 7>^ «4 (140)5. Ai 4-*j- 7>^ ^tiBl-sfl^- ^4 

♦ AV-g-^o.^, o] ^3 ^-4 sq.^ oi7> 4<?H1 44 i£444. 444 47} 4<?Mr 44 
ofl 44 44* 7m444. sJM*l* ^ ^ 44, 44tfl 443144-2-54 

^47171 4*114 ^ 7fl4 *4-4*4M4(i5i, 152)* 4-8-4S14. 3H4 4*4 
(160)* M^i 4-^4 44, 4*4(160) #^4<>fl *4*>1*«H 0 14(153)* 4 -£444 
4 *H4 ^445 44 "944^ 44484. 

31> ejjol^ f^o] 6. sJ-^-o] *)#d\) ^ ^71^ 0.5. 7m44fe 444. 44 7m 

4-§-4 44^7} 4444 44 7m ^4*11 4^4 ^44fe4 *4 40nm, ofl^tfl 

1525-1565 run, 4444. ^4 44 *fl7l4 44* 7m 4*lfe 444 ^4^4 3.7}% 34 
4 ^444 314*1 (mode-locking) Al^ ^ 55^4. S-S.-^ 4 44 3144 4 

*<>1 ^ 7 m €44 4^-4 «13r4 &* 7>4fe 3144 <2* ^ At*. 44 

4 34 <M 4^4 ^33- 4^3* tfl^>^c-n 44* 44 44. 

32> Aj-7lt!r 3144* €4 44* 44 <M 4^^o)i A>-g-*>7l 4*fl4fe 44 444* 4 
^.44 $4. ^44 44* 444471 4*114 4*4 44 7m 44 #* *4 *3E 4^4. 
4^4 *4| 444 ^4 444 ^444, °lr 3144 M 44^1 -$-4* ^4 44. 4 
eH Bfloi^ sj^vg. ^ai^o.s. ^ ^ij., 4 447>4 4 ^ 4^.* 4 -§-44 
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^44 44 €4-« °-5L *lH^ 9X^ 4^-3 -8.^3 4, 4» 4*i)4 

I^H^r 4$ 44" ^-^4, ^IJ: 44^4, **H4 44 *I14 4^4^* 4-S-4534. °1 
*\] 4*fl4 ^#^4. 

33> £ 24 ^4*1 £ 3b» 4$ 44 ^^^-(300)^ *)U 4-&4C210H 

£44 4" ^14 ^4^-2-5. #44 ^ <a4^-4 44 7 >i£ e*M4(100H4 #34 44 

44* ^44-2-5. ^444 4ft 4$ 1^ ^ g 4$ 44# ^ 4^ ^tfl 

71 § 44-°sL X444 444, 71$ 34(310)4, 3flti.el-5im €4(320)4. 

71(330)71- S*|-44. 
34> 4$ 44£: 4^4 ^-oi jg^th 

35> 5fly.el-2fl^ €4(320)^ ^-44 ^4^r# ^4 ^44^, 4$ 44 -It 44 

(310)^ ^-4 444 ^4 444 44^1 44 44 S^- ^4^7} ^44^r 

4 #4°l 4$ 444 44(310)» ^444 £ 3b4 (2)4 5.4^ 44 4^8: ^1^7> 

444^, ^jti.ei-5ji^ €4(320)» #444 £ 3b4 (2)4 £44 44 4^8: 4$ 4 

4 ^ls7> 44\+4. 4 7l$ 4"34 44(310)4 4:4 44* 3fl«.3l-^l* €4(320)4 ¥ 
4 44U a )4 44444 ^ 43» 444>ll "4^, 444 43. 4* 43.4 44U b )* 
44 444 4$o.s 4-8-^4. ZL ^> 44#4(330)<>114 ^JJife 4$ 44 

(310)4 4^-^* €4(320)» #44: 4Jl4 4444, =l 4Jl« 4^44 *N 

SI144 440] 4^4 44451 5^4 4 ^ ^4. ^ 4$ 443 -ft 44(310)« 4-§-*fl4 4 
tfl 44 4$* 44^-, ^«-4-4* €4(320)4 44(3^ ^MHr) 431-4 44* 444 
4 44°fl4 4°14 44 4iL» 44* ^44 4«fl4 44tb ¥ 434 44: 

* ifl^as, ^4^r 444 M-F* 44 ^44 4^^^^r ^ 5114. 4 44^ ^ 
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^W(etalon) 3*H 31, # ^*H*IMfe 100 GHz(0.8nm 

@ 1550nm) 2^ 50 GHz(0.4nm 8 1550nm)» A>-g--5r}£r]-. 

4# ^ SlS-H-S., =L #^7l 7l§ ^-fr 3*K310)fe 

^£ ^SJ- 47]33€ 3 -8: ^>-g-*H, S>A> a^o] o.4 nm ^£3. tful ^SMl ^ 

€ 35* M-fr ^7}» ^>-g-^>7fl f£ 4\&s§°] Qa. tfl^o] go. 

^B^(320)£ ^fl^* ^ Sfe ^7lS. ^^-O.^ ^^3* 
^(320)^ ^r£» ^^^Tfl -M*Kr tb^, £ 3b<^l 7l§ ^-fr 

^7>>(310)^ sflw.e)-si]* ^(320)3 y>^2 ^AH^^i ^-^IoiaI- ^ 

<8"»8* &^f4. 

37> cfAl £ 2» %^^, ^-R- J±2fln 3*} ^5flol(400)^ *)U (210)S^-B] #^ 

*|^(500)^ M.5fl3. 34 sfl o](400)S.^ *>A>^ z^S) ^ 

#3#7HH 3#tb Als^B| WVA> A] 7_V-^r ^-«Kr ^SS ^€4. * ^H°JH 

s]aL5l A)^ 7-5}7) ti>A]- sia^ ^tfl^ al^ol 5}^ ^ ^ sg^Rr 

^* o] ol-g-^H s]a^ Al^ ^a>§>^ ^|o]^ 2fe ^-fr «efl^- 
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38> x\s. *)B}Jf(600)^ 7)& 4# ^^(300)3.-^ 7)^ 4^1: °1 <*13>4 

^•fr 4# #4^(500)51^ ^-o] ZfZ^ Altt* ^^}, ^ 7>^ Sflol^ 

(lOOHH Aj^Vrflii 4^ S^Cl^-ul, Al^tflii 4#4 '^-fr 4# # 

4^(500)5.^ X\&$ wls*>^ ^-fr 34 4# #4^(500)51^ aj. 44 

^ 4^ 

39> £ 24 £ 3cl- 4^ 4 JE. ^(700)^ jS* ^i^, ^ 

#44* 4^ 7>^ 9j7}SM 4# 3H4 (100)3} #^ 4^ ^7l^O.S 

f)3L, 4# 511017^(100)011^1 #1^ AlTicflif 4^1 tfltt 3H4» 41^ 

(600)5.^4 9j^«>o]. ^ ^ ^^(.611 Aj^^o} Al^tflit <£^f>}7]} ^Z\S.^ <#7] 

4^ 7>^ ^E-H 9j7>£l^ 4^ff 2:^4. 

40> ^^*>7] #44 ^7l(710)» 4-§"W. #440} 3L7l^ 4# #4 

^4^ 4^ €4 €3^. 37l7> ^7>^ Sflol^ 

4^°1 ^7>4^r 4# ^°1 ol^^lJl, 4^Rr ^HH^. Aljr ^&1 ^ B)lol7-l 

4# *|H 4^^°1 M*14. 44 ^^7> 4^ 7>^ 9j7>4<H 

£, ^4 ^JE ^4 o]^^Aj-ofl oJSflA-l 4# t£44 ^^ 7 ]. ^^S.^, 5|1 Ol ^ 4# #4 

41> ^cflA^ 4#4 ^-i- 4^ ^Al7l^ #4^ o]4\6\] 4 

# ^ Ajjr ^el-^-o] ol-g.^o} ^ ^ ^ 7 }iS. <y7>45W. ^, #4 

44 5£)^Bfl-g- ^.aj- 4^- 7 >^ ^gEiofl 9j7>-t^.s.M| ^ ^^--Hl ^^VtII 

42> >1H 4^.4 ^rf, 
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«> 37)7} ^7>*>^ ^:?HH 7l§ ^ ^^-¥-(300)5.^ 4^1: 

^ *kat)» ^7i(72o>» <>i-g-sfH t 1 ^. ^7] (720)^^ ^*fi*i «(m)^7H^^ 

*1Jl5L A>-g-*>51 ( ol oflEi Aljiofl ti^Kr Ji-S" ^71(740)5. ^ 

^12 7>^V7l (750)5. ^-*M ^ 7>€ ^eH o]7>% ^^=r. <>l *8-*|* 

^#0.5. 3H*i sj-^ SU^K 

, s)-^- 7>i£ ^-^ 4^-ol ^ ^^(free spectral range) M-^M 

45> £ 4^ ##^r Jj-^-fr ^.Bfl^L <M A]^^ ol-g-^jA-1 ^AJ o_ 3*} 

46> j£ 4^. ^-S^, 22^1 o]^ 7frA]JY ^^}^6\) S _ <£7$^ 0.^. Al^7> & t}. 

^, ^(^-*fl^)^ 1 pm ol^KM, ^e)HH(drift)^ 3 pm ^1^^. tc|-BH , ^- ^ofl ^ 
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^ pm ^§^# ^Hi-fi- « Bfln n 1 ** *r 

3*} ^"Sl-S.^- S^8-*M7> -g-ol^c)-. o|# ^«fiAi £ 2^1 *|12 

5-K220)* tJ-jqjTi ^#5|Bl (splitter)S tfl^^ji, zj- ^\ 4&*\ 6\ ^ c] v}t± J^-fr ^ 

sj-^ ^^-(500)* AA ^^7fl jg.^ o. ^ ^ # ^ 

* ^ Sft4. 

4?> ol*HM, £ 2» ^-s-sh, ##^r ^-R- ^ ai^^ A^ 

48> 7 >^ iSM*)(ioo)«1M 3h8: *fll 7ll-e1(210)^Ai £-7"|S)jl afll Til- Si (210) 

41 ^«fl ^-7]^ # ^*1M <g«j-%ojg. %°] 71^ sH8- -«8^Jf-(300)S. <a^sm, 7]§ 

4^" ^^(300)^^ ^7l^^l 7)^ g ^cfl 7l§ s}-^ *±3L 

(600)^ 7]^ ^^(300)3.^ ^^^> 4# 7>*a ^^l^KlOO)^^ # 

^(700)^ ^ 7 >^ eflc)l^(lOO)^ s^-i- <£^sM^14. 
49> ZLElZL, 7l#Sl(210)^ £|Sfl *7l€ ^- *<*H i^^O^. ^ ^-ff ^3) 

ZL <H^°1(400)^1^ Sp^S. ^>£)ZL, tiU}^ #Aj o. 3^ ^ #*|J^(500) 

A}-5|^ ^^§>zla> ^^s]7fl ^rf. 

50> AJ-^ i^o] EflZL ^ Al^^oflA-lS. ^Aj o] l+Bf^T 
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si> s. 5^ 3*H1 -§-^°m- ^sfl^i 4^°1 -fK£^ ^-f 

52> ;£ 5» ^S^, -§-^°l 7>-5fl^x] go.'S J£ 5^ (1)3]- ^o] ^-i^ 3r)3.^ol 

^Sl^m. $ W -§-^3 7>«fl^m £ 5^ (2)^ ^o] ^37} ^B^Tfl "fl** -§- 

7>«fl^l^ ^a) <g^ ^^-o)] rc)-e}. Z|- l£A} 51)2^ H7l^ ^^-0] i^sM 

^7M7l 711 ^ ^Mi*Kf 3* 31*1 -§-^^1 

53> ig^cq ^Al^cflA^ ^3g- ^|]7l*>7] fl*^ ^o]^) ^^3?- 

5*> 2)H*1 ^^A}7l^ 3711 ^ 7>^]7> &t]-. ^£r, 5. 2 SEfe 

£ 3a<H] 7>^ elH*H #^T£H ^ ia^t^t -a*l«H ^RH ^ ^-fc 

JfL^^o.jg. ^^171^ ^olrf. ^ o. 3^ Am ^6|) cfltb 

lV7fl7} £M ^ ^ #£7} e}i=. $0}^. £2£^ 

£ 3a<*l] *r-E- 7^ 3H*1£| #^^1 -¥-^^-71 (depolarizer)* -H*]^Kr 

71^ i: 2 ol ^ -0*1 ^ o. = s ^ 45 o S ^ <r SU^. <>1 «H 

±r, IL^-£)fe J17H ^ o. ^ o]7> ^ ^^o,] aVyl^^B-S 3H*1 #^ 4^- 

55> ^ 7>*1 ^^-7)# A>-g-^ ^ ol ^JlSj^Cll, o] ^ ^ ^> 

olH.s. ^^-t €A7> ^ji, ^1^0] o^7l ufl^ol^-. zi&m- jg-^-ff Jdafln ^ 
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4 €4 4^ 1 fH A>.g-5j^. ^ti>^<y 4# 7>^ sfloi^^- 4^ ^i^o] ^ »j\ kHz al4^- pfl-^- 

§4. 4^ 4# ^fl^8r #4^, ^ ^ Ufl* 4^ 3^1 ^fe ^1^> ^^"71 

0.1-0. 5nm^ 4# 7}x)±± 5. "-^4 o>^^|- ^ 5^5-^ , ^ 

^-7l» A>-g-^ ^ 4^ £4 <£o} 44 &n^5L ^ flfe 4^°1 

:56> ^£ #^t£ m^g -jjAH* ^^5a^l^>, ^ ^H1°J ^3*1 €fc2 # 

4 s *3Whfr *>^*>4. 



Jl41 

5?> 44- ^-B- A A €4 4^*11 4*1-^ , 3M*| 4 

W -i*l*h£-S 4# ^ ^ 4M4, ^ 4# ^iL* °l-8-*iH W^^-S 3H4 4 

4^Sr S^^" ^ 4^ ^ 3*H3 6 1 ^Slal, 44 ^17> *fl^£| 

<H fl-S-fr ««fl^- 34 €44 ^-g-47> 7>^>4. 

58> ZL d\)^M] , ^7>^ ^4^, 2.S., jB^, *§4 tfl^^.g.4 <&44#4- ^7), S. 

^ ^, * ^4 «-2fl^i 34 4^^ 7l#si ^-s^4^ €4 
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59> ^ f ^tgo^ sfrjgg. ^ 7 ] 7 \ ^ ^ ^^>» ^ 
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[3^*8- 1] 

^■7} m TH-^^l cqsfl ^-71 € ^ f^H ^"J-^S. ^ ^71 S|-# 

7># ^ sj.^ ^Al^>O.S. ^^>7l 7]^ ^•^-»^r 4M§SH, ^"71 

71^ 0]± tb ^ 71^ ^ftSLS, S.^}^ 7]& *}-# -fl^JM-; 

#7] *fll # <y^^> S^^S. 

AA «Va>^ «*fl^- AA ^°)&t\ 

#7i A A o\A°~\sL^] AA$\ ^#3^ ^r^Kr 

*^-fr AA 

^■71 7l§ ^ ^45.^ ^€ 7l§ #71 ^#-B- 5Z|-# # 

*1^5.JfB] ^-O] Z^S} <£^«l-6>, #71 A A 7>^ 3H*H*1 

4^ ^^-&>^ #7i jg-g-fr 3j.# ^1^-s.^.ei ^- w n^v 

#71 4^ 7>^ *J <£) 4#ol ^7H££ ^S^iE^- #7l Sj-# 7>€ 

^ 9\7}f>}31, #7l *1JL #71 ^# 7}& SH^H^ #^ #7l 

Al^tflit S^afl tflig- 3H^» #7l Al^Vcfl^ 5j-#ol ^^Tll #71 4 
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2] 

XI 11HI ^ 7V€ «lM*lfe, ^fl** #3*Kr **H*I ^liLS.^, # 

^5. A>-§-5)^ <^#^7> ^7} 3L-?f ^l7>#o> J=;4 s^Jvg- JLsL 

cx\ z%o]z\ 4^ 7>^Al7l^ Sj-^- 7 >^ ^» S*«H o] s.(^^l^ ^ ^-fi- ^]o]^ 

[^T 1 * 3] 

XI 2*°fl ^-71 Sj-^- 7}^ ^17>£1^ iilff- 3714 ^S^M" 

^ ^"71 4^" 7>^ 5iM^ ^.fc S^O S *>i=. ^ o. 3^ ^ 

4] 

XI SH-H. 71^ 3*H3- ^^Nr iJJLel-sfl^- ^Blsq-, 7^ ^-fi- 3*><4, 

^"71 7l§ ^-B- ^7>>^ ti>A> 4^ Aj- 7 ] Sfl«.el-^^ ^BlS tb 4^ 

3]- ^A^ 3. A>^1X1 ZL A>5}^1 31 3. 51 3Zja.» ^tfl 7^ Af 
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WW 5] 

[Ut 1 * 6] 
[3^8- 7] 
1 3^ 8] 

7] ^-B- tL5flZL Z^V O^M^ tfl-§-£]^ 4^ 7fl^ ^7] ^-B- ^ #*]^7} 

9] 

*fl ltl SH^i, <#7] ^ 7^ ^%7}7} ^ ^ 
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10] 

XI 9%H1 Sl^H, #7] ^M^lfe zJo] ul-g-ol i:2^1 ^-H- ¥ S^-* 45° 

11] 

12] 

XI l^-oll Sa°W, ^"71 ^ #<3-8r ^7l 7l$ 3^ol ^*l*Rr 
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[51 4] 
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